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In recent years, large oral doses of vitamin A
have been employed therapeutically for skin dis-
orders related to a local deficiency of the vitamin
(1—7). Despite the curative effects of these oral
doses, concern has developed over the possibility
of vitamin A toxicity with prolonged treatment.
A recent report of a case of vitamin A poisoning
in an adult brings to light the acute dangers in-
volved in prolonged oral therapy with high po-
tency vitamin A (8). This patient's condition had
remained undiagnosed for a period of 83/i years,
during which time she was hospitalized 10 times.
Our investigations on the ability of the skin to
absorb and transport topically applied vitamin
A, and the restorative effects of such applications
on "A"-deficient skin were undertaken to deter-
mine a possible solution to the problem of
"A"-toxicity and to provide a direct route for the
clinical treatment of "A"-deficient skin. It has
been our contention that a local "A"-deficiency
in a tissue of animal receiving adequate dietary
"A" and showing adequate intestinal absorption
of the vitamin, is fundamentally a problem of
transportation. This is related not only to the
circulation within the lymph and blood but also
to vitamin transfer across membranes of storage
depots and utilization areas. If these membranes
become resistant to transportation of the vita-
min, a barrier develops resulting in a differential
in concentration of the vitamin on either side of
the membrane. A further increase in the differ-
ential by the artificial elevation of blood levels
probably does little to restore the normal func-
tion of the membranes. It is possible that the
barrier becomes progressively enhanced, resulting
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in an intensified local deficiency syndrome (9).
Therefore, these studies were designed to bypass
any barriers to "A" transportation that may
have developed as the deficiency was being pro-
duced, and to deal directly with the restoration
of the "A"-depleted skin by means of topical
applications of vitamin A.
Pioneer studies related to skin restoration
and/or increase in body weight of "A"-depleted
animals encouraged our investigations of the
dermal transportation of vitamin A (10—13).
Sabella et al. (14) reported a study on ovariecto-
mized adult rats in which the application of
120 y of vitamin A per day to the shaved dorsum
skin resulted, within 10 days, in a local increase
in the thickness of the epidermis, notably in the
extent of the stratum granulosum, decreased
keratin formation, and possibly an increased rate
of keratohyalin formation. These observations,
coupled with Montagna's observation of fluo-
resence in the sebum of normal skin tissue (15),
indicated that the "A"-deficiency of the skin
described by Wolbach and Bessey (16), Moult
(17), Harris (18), and Frazier et al. (19, 20),
would respond to topical vitamin A therapy.
Further stimulus to the study was obtained from
the fragmentary work of Eddy and Howell (21),
describing some increase in body weight in rats
exposed to dermal application of 6 U.S.P. units
of "A" for 2 to 6 minutes daily.
Prior to the time of the completion of our
initial studies, substantial chemical evidence of
the ability of the skin to absorb and transfer
vitamin A had not been reported in the literature.
However, dermal absorption of vitamin D and
its use in the prevention and cure of ricketts has
been described (22—24). Vitamin A fortified oint-
ments and salves have been described as bene-
ficial in the promotion of wound healing and the
restoration of local skin deficiencies (25—31).
However, these latter studies report clinical
manifestations without quantitative chemical
proof. An excellent review of percutaneous ab-
sorption in its broader aspects has been compiled
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and discussed by Rothman in his book on the
physiology and biochemistry of the skin (32).
The present study was devised to investigate
the influence of concentration of vitamin A on
the percutaneous absorption of the vitamin in
normal and "A"-deficient albino rats.
EXPERIMENTAL
Albino rats of an inbred Wistar strain, born of
healthy females, were used in these studies. Litters
containing 8 to 10 healthy animals were selected
and weaned at 20 to 22 days of age. Animals to be
depleted of vitamin A were fed an "A"-deficient
diet (U.S.P. XIV') ad libitum until the body weight
remained stationary for 7 days and/or xerophthal-
mia developed. Littermates to serve as controls
were raised on the stock diet of Bills (33). At the
time of depletion one or two "A"-depleted ani-
mals and their stock-fed littermates were sacrificed
to serve as controls. The animals were separated
into groups and placed on oral or topical therapy
for 28 days. The groups were as follows:
1) Normal stock-fed—oral vitamin A
2) "A"-deficient—oral vitamin A
3) Normal stock-fed—topical vitamin A
4) "A"-deficient—topical vitamin A
These animals receiving oral therapy (Groups 1
and 2) were given daily oral supplements (by
stomach tube) of concentrations of vitamin A
acetate2 ranging from 0 to 10,000 , contained in
corn oil.
Animals in groups 3 and 4 received the topical
application of vitamin A to the skin of the scapular
region. This was accomplished by shaving a 3
cm.2 area of skin in the scapular region on the day
before depletion. After depletion, 0.3 ml of corn
oil containing the vitamin A was placed on the
shaved skin area, which was then covered with an
absorbent cotton pad and a white cardboard
shield. The "pack" was secured in place with gauze
bandage and adhesive tape in a "figure 8" pat-
tern. Vitamin A was applied daily to the skin
surface under the "pack" and spread on the skin
by exerting gentle pressure on the "pack". The
animals were each housed in separate cages and
precautions were taken to prevent ingestion of
the vitamin preparation. The "packs" were re-
placed at weekly intervals and the animals weighed
daily during both the depletion and repletion
periods.
At the end of the 28 day experimental period,
each animal was anesthetized with ether, and the
ventral skin of the neck was slit longitudinally to
expose the left jugular vein. The animal was sus-
pended over a funnel resting in a 5 ml test tube,
the vein punctured, and allowed to bleed into the
vessel. As all respiratory and cardiac reflexes re-
mained intact, it was possible to collect 2 to 5 ml
of blood. The serum was separated and the vita-
min A content determined on a saponified aliquot
by the activated glycerol dichlorohydrin method
of Sobel and Snow (34) using 6 cm. light path
cuvettes. Liver and kidney tissue were analyzed
for their vitamin A content using a modification
of the method of Bessey et al. (35). The liver and
kidney were removed and all extraneous fat and
connective tissue cleaned from the organs. They
were then weighed, chopped finely and placed in
1 N KOII (5.0 ml per gram of tissue) in a 125 ml
flask. The mixture was brought to a boil (78°C) on
a water bath and allowed to simmer until the tissue
was dissolved. The solution was made up to 50 or
100 ml. volume in volumetric flasks with distilled
water. Appropriate aliquots were taken into all-
glass extraction tubes and the vitamin A was ex-
tracted into 10 ml. of 1:1 xylene-kerosene. When
necessary, dilution of the extractant was made to
ensure a concentration of 0.5 to 3.0 i'/ml. of vita-
min A. The final dilutions were read in the Beck-
man D.U. Spectrophotometer at 328 mjz. A cor-
rection was made for interfering substances that
may also give an absorption at 328 zap, by destroy-
ing the vitamin A with ultraviolet irradiation for
one hour. A post-irradiation reading at the same
wavelength served as a blank for each individual
sample. The total vitamin A content of the liver
and kidney tissues were calculated by reference to
a standard curve taking into account the dilution
and aliquot of the samples.
RESULTS
The chemical data are reported in Tables
I—V. Growth and storage curves are illustrated
in Figures 1—5.
When various concentrations of vitamin A in
corn oil are administered to vitamin A-deficient
animals, either topically or orally, the animals
show an increase in body weight, disappearance
of the physical signs of "A"-deficiency and an
increase in the storage of the vitamin in the liver
and kidney.
In all the groups, whether given vitamin A
topically or orally, there appears to be a direct
relationship between the dosage of vitamin A
administered and the absolute amount of the
vitamin stored. As the concentration of the vita-
min administered increases, larger amounts of
vitamin A are found stored by the animals. When
the logarithms of the daily dose of vitamin A are
'Obtained from General Biochemicals, Inc.,
Chagrin Falls, Ohio.
2 Kindly supplied by lloffman-LaRoche, Inc.,Nutley, N. J.
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TABLE I
Oral administration of vitamin A in corn oil to
stock fed albino rats
* Gain in body weight from time of "A"-deple-
tion of littermates.
t Net amount stored, i.e., amount of vitamin A
stored due to oral treatment (calculated by sub-
tracting 132 y stored by the nil animals from the
total amount found in the livers and kidneys).
Mean standard error.
plotted against the logarithms of the vitamin
storage, straight line relationships are found
(Fig. 5). However, examination of the relative
amount of vitamin A stored in respect to the total
dosage reveals a different relationship.
In "A"-defieient animals given vitamin A
orally, there appears to be an inverse relation
between the total daily dosage and the percentage
of the administered dose stored by the liver and
kidney (Table II). Animals receiving one of
vitamin A per day store 53% of the total dose.
This relationship continues in a descending
fashion until it is seen that those animals given
10,000 of vitamin A daily store only 7 to 12
per cent of the administered dose. In those
"A"-defieient animals receiving 10,000 'y of "A"
orally per day, toxic conditions developed in two
animals after 7 days and in another two after 17
days of treatment. These animals were sacrificed
when paralysis of the hind limbs prevented them
from obtaining nourishment. The high blood
serum level, loss of body weight, and vast stores
of vitamin A indicated that hypervitaminosis A
was present. One animal survived the 28 day
period of treatment. That the animals used in
these experiments were truly "A"-deficient is
evidenced by the fact that those animals sacri-
ficed when the physical signs of "A"-deficiency
Vita- were maximal (53 days of age) also demonstrate
mm A minimal storage and circulation of the vitamin.
It may be seen from Fig. 2 that an oral dose of
20 to 30 of vitamin A per day is optimal for
maintaining a normal rate of growth, since at
this concentration level the rate of growth paral-
lels that of control animals (untreated stock-fed
TABLE II
Oral administration of vitamin A in corn oil to
vitamin A-deficient albino rats
Dosage
.n
z
Age
sac-
riñce
Gain
Liver and kidney stores of
Vitamin A
Serum
Vlta
mm Abodywt.* 7/total 7/gm.
% of
as-
minis-
tered
dose
y/day days gm: y%
0 2 53 — 2.3f .1 — 2.4
1 5 80 42 14.9 2.3 53
3 80 46 113 15.2 40 39
3 81 86 200 18.4 36 45
30 5 77 86 306 20.1 36 36
100 3 80 46 873 158 31 49
500 3 82 54 4057 733 29 28
1000 3 80 25 7483 1268 27 69
10000 11
2
3fl
84
68
59
39
12
—9
42250
20408
5050
4582
3914
1195
15
12
7.2
37
90
500
Age at
sacri-
fice
Liver and kidney stores of
Vitamin A
Gain
in
body
wt.*
'5
Dosage 'd
0
.0
z
-i/day
nil 2
12
10 3
100 3
1000 4
10000 4
days gins.
82 98
82 95
82 104
82 98
82 94
82 46
7/totalt
1321:
18.0
172
1703
10768
63150
/gm.
12.
3.1
21.5
136
843
5463
ad-
EfliflhS
tered
dose
64
61
61
38
23
7%
33
29
36
35
59
125
Gain in body weight from time of depletion of
vitamin A.
t Mean standard error.
1: Sacrificed after 28 days of treatment.
§ Sacrificed after 17 days of treatment due to
toxic symptoms of hypervitaminosis A.
Sacrificed after 7 days of treatment due to
toxic symptoms of hypervitaminosis A.
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TABLE III
Topical administration of vitamin A in corn oil to
stock fed albino rats
Dosage
0
Age
at
sac-
rifice
Gain
in
body
Liver and kidney stores of
Vitamin A
Serum
Vita
mm A
7/totalt 7/gm.
% of
ad-
minis-
dose
tered
7/day
nil
10
100
1000
10000
2
5
4
5
5
days
84
80
83
79
81
gms.
43
48
51
29
25
lilt
70
600
2239
11218
13.5
10.1
81
351
1697
—
25
21
8
4
24
34
28
47
36
Gain in body weight from time of "A"-
depletion of littermates.
f Net amount stored, i.e., amount of vitamin A
stored due to topical treatment (calculated by
subtracting iii ' stored by the nil animals from
the total amount found in the livers and kidneys).
Mean standard error.
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FIG. 1. Growth Curves Following Oral Adminis-
tration of Vitamin A to Stock Fed Rats. Refer to
Table I.
rats). One ' per day is insufficient to maintain a
normal growth rate, while concentrations of 100
to 10,000 y per day depress the rate of weight-
gain to varying degrees.
TABLE IV
Topical administration of vitamin A in corn oil to
vitamin A-deficient albino rats
Dosage
.
.n
Age
at
sac-
rifice
Gain
in
body
wt."
Liver and kidney stores of
vitamin A
Serumv-
mm A
Y/tOtalf 7/gm.
% of
admin-
stered
dose
7/day
10
30
100
1000
10000
8
10
9
8
8
days
83
74
86
82
84
gms.
40
46
43
53
30
23.1
+4.6
60.3
122
1850
9140
2.6
+.6
10.5
16.0
258
1326
8.3
+.7
7.0
4.3
6.6
3.3
7%
29
+2.7
36
30
47
66
Gain in body weight from time of depletion of
vitamin A.
f Mean standard error.
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FIG.2. Growth Curves Following Oral Adminis-
tration of Vitamin A To Vitamin A Deficient Rats.
Refer to Table II.
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Normal stock-fed animals given oral vitamin A
supplements exhibit this same inverse relation-
ship between per cent of the vitamin stored and
total dosage administered. The values range from
64% of the vitamin stored for animals receiving
one per day to 23% for animals given 10,000
of the vitamin orally per day (Table I). Fig. 1
reveals that the rate of growth of these stock-fed
animals is not as drastically effected by high oral
doses of vitamin A as it is in the case of "A"-de-
ficient rats. In this instance, concentrations up to
1,000 of "A" per day do not appreciably
affect the gain in body weight of experimental
animals as compared to the stock-fed rat receiv-
ing no treatment. However, when a toxic dose of
10,000 7 per day is administered, the rate of
growth declines markedly, although not as
drastically as in the A-deficient animals. Thus it
appears that stock-fed animals can resist the loss
of body weight caused by high doses of "A" to a
greater degree than can "A"-deficient animals.
Topical administration of vitamin A to "A"-de-
ficient animals results in storage of the vitamin
by the rats (Table IV). In this instance however,
the inverse relationship between per cent of
administered dose stored and total dosage is not
as marked as in the preceding groups of animals,
since the values range from 8.3 to 3.3%. The
growth curve illustrated in Fig. 4 indicates that
maximal growth occurs when 1,000 'y of "A" are
topically applied per day; 10 to 100 are not
as effective, while 10,000 7 per day is toxic.
None of the dose levels utilized are sufficient to
promote growth paralleling that of a normal
animal.
When vitamin A is topically applied to normal
stock-fed animals, the inverse relationship be-
tween total dosage and amount of vitamin stored
is again observed (Table III). The rate of growth
is not remarkably different from that of an un-
treated stock-fed animal at most of the dose
levels employed. However, here again one may
Groups Compared
TABLE V
Comparison of mean values for total liver and kidney vitamin A stores
Dosage (7/day)
10 100
18.0*
14.9
>.2
1000 10000
Oral "A"
Stock-fed animals
"A' '-deficient animals
Topical "A"
Stock-fed animals
"A"-deficient animals
"P,,t
Stock-fed animals
Oral "A"
Topical "A"
"A "-deficient animals
Oral "A"
Topical "A"
"P"f
172
113
.01
70
23.1
<.01
172
70
<.01
113
23.1
<.01
1703
873
<.01
600
122
<.01
1703
600
<.01
873
122
<.01
17068
7483
.01
2239
1850
.02
10768
2239
<.01
7483
1850
<.01
63150
42250
<.01
11218
9150
63150
11218
<.01
42250
9150
<.01
* Mean standard error (for liver and kidney stores of vitamin A in 7/total).
t The results are evaluated by the statistical method of Fisher (37). When P is less than .05, the
difference between the means is regarded as statistically significant.
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see a depression in body weight gain when toxic
levels of vitamin A are administered (Fig. 3).
If we compare the mean values for total stores
of vitamin A (Table V), it is seen that stock-fed
animals store significantly more vitamin A than
do "A"-deficient animals, when the vitamin is
orally administered. This is true for all dosage
levels except when a minimal amount (1 'y) is
given per day. Furthermore, the stock-fed rat
stores from 1.2 to 5 times as much of the vitamin
when "A" is topically applied. Oral administra-
tion of vitamin A is 2.5 to 7 times more effective
than topical application in promoting liver and
kidney storage of the vitamin when a comparison
is made at equivalent dosage levels.
Serum vitamin A levels appear to be within
normal limits in all the groups, except in those
animals receiving 10,000 'y of vitamin A per day.
When a toxic dose of 10,000 y per day is ad-
ministered either topically or orally, the serum
vitamin A level increases to varying degrees.
DISCUSSION
Previous investigations by this laboratory
have demonstrated that the percutaneous absorp-
tion of vitamin A is possible in the albino rat
(10—13). The present studies on the quantitative
transfer of the vitamin across the skin indicate
that the absolute amount absorbed, either
through the normal or "A"-deflcient skin, appears
to increase with the concentration of the applica-
tion. Vitamin A deficient skin absorbs the vitamin
less efficiently than does normal skin. It appears
that optimum growth and probably optimum
storage for health in the albino rat occurs when
about 20 to 30 micrograms of the vitamin is
ingested daily. As the daily intake increases, the
absolute amount of the liver and kidney stores
increase, but at the same time the ratio of total
amount of vitamin administered to liver and
kidney stores decreases, and the rate of optimum
growth decreases. With high oral intake, toxicity
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Fia. 5. Logarithmic Curves of Liver Storage of
Vitamin A Following Topical and Oral Adminis-
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Fio. 3. Growth Curves Following Topical Ap-
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to Table III.
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FIG. 4. Growth Curves Following Topical Ad-
ministration of Vitamin A to Vitamin A Deficient
Rats. Refer to Table IV.
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develops as there appears to be no regulatory
mechanism, either in the intestinal mucosa or
storage depots, to prevent the continued absorp-
tion and storage of vitamin A.
Almquist, in a review (36), discussed the prin-
ciple known as the "law of diminishing returns"
and its relation to vitamin nutrition. This prin-
ciple accounts for the failure of the stock-fed
normal animals given increasing amounts of vita-
min A orally to gain in body weight since the
optimal amount of vitamin A is already obtained
from the diet. When toxic doses are given we see
a decline in weight response. Almquist's data
shows that the optimal dosage for maximal weight
gain is about 20 to 30 7 per day. It is also dem-
onstrated that, in accordance with the diminish-
ing returns principle, the liver storage bears the
same relationship to blood vitamin A content as
does the oral intake. Both sources appear to
function in the same way in the maintenance of
the blood vitamin A level. This, in part, explains
why liver storage is fairly directly related to oral
intake.
SUMMARY AND CONCLUSIONS
1. Vitamin A acetate in corn oil applied
topically to the shaved skin of "A"-depleted or
normal albino rats is absorbed and transferred to
the liver and kidney tissue for storage.
2. The amount of the vitamin stored in the
liver and kidney tissues varies with the concen-
tration of the vitamin applied.
3. Normal skin appears to behave differently
from "A"-depleted skin as evidenced by the
larger stores accumulated in the liver and kidney
tissues in normal animals.
4. Oral intake exceeding 500 7 per day slows
the rate of growth, and toxic hypervitaminosis
A develops rapidly when 10,000 'y of vitamin A
per day is fed.
5. Topical application of high concentrations
of vitamin A in corn oil tend to slow the rate of
growth of the albino rat.
6. Vitamin A, topically applied in physiological
amounts, is effective in relieving the symptoms of
"A"-dcficiency in the rat.
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